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征；（2）通过检测 MC3T3-E1 细胞在不同图案化 PPy 表面的增殖及生物学合成
情况，研究细胞在不同图案化 PPy 表面的生长选择趋向；（3）研究图案化 PPy
及电刺激协同作用对 MC3T3-E1 细胞的影响。 
主要研究结果如下：（1）经恒电流法在电流密度为 0.1 mA/cm2 下电化学沉
积 1500 s，能够得到图案精度满足实验需求不同图案及尺寸的图案化 PPy。图案
化 PPy 具有良好的电化学活性，稳定性及防腐性能，方格图案的电化学活性及




















 摘要  
II 
 
白及 ALP 酶活性的检测，表明电刺激作用下，细胞的总蛋白含量及 ALP 酶活性































Polypyrrole (PPy) has good stability,biocompatibility,corrosion resistance and 
excellent electrical conductivity which make it have a wide range of applications in 
biomedical fields . 
Cells do not exist independently in vivo or vitro micro environment . Most cells 
have complex interaction with the surrounding environment including the ECM or 
other cells . When cells contact with materials,the surface properties of the material 
involving wettability,roughness,chemical composition,charge distribution and so on 
directly affect the cells behavior . Researchs have shown that topological structure of 
the material affects cell adhesion,proliferation,migration,differentiation and apoptosis, 
etc . The shape and size of a designed patterned material would influence cells grown 
on it obviously . Osteoblast is sensitive to electrical signals whether cultured in vivo 
or in vitro . Electrical stimulation can significantly promote osteoblast proliferation 
and biomineralization process . Under the above background,this paper intends to 
build micropatterned PPy with different size and shape and research the effects of 
micropatterned PPy and accompanied with electrical stimulation on MC3T3-E1 cells . 
The main research points are as follows : (1) using MEMS technology combined 
with electrochemical deposition technology to perpare micropatterned PPy with 
different sizes and shapes . Then characteriaze its physical and chemical properties . 
(2) detecting the proliferation,spread and biological synthesis abilities of MC3T3-E1 
cells cultured on different micropatterned PPy surface . Indicating the preferrence of 
shape ; (3) researching the synergy effects of micropatterned PPy together with 
electrical stimulation on MC3T3-E1 cells . 
The main research results are as follows : (1) Micropatterned PPy polymerized 
by constant current method showes good electrochemical activity, stability and 
anti-corrosion performance . The electrochemical activity and stability of check 
pattern are better than stripes; (2) MC3T3-E1 cells were cultured on micropatterned 
















kits,The results show that the MC3T3-E1 cells tend to grow on the check pattern . The 
adhesion and proliferation ability,total protein content and ALP activity of cells 
cultured on check pattern PPy were higher than otherl groups; (3) We designed a 
device used to apply electrical stimulation on MC3T3-E1 cells . By cytoskeleton and 
nuclei staining,we can observe the cells spread and proliferation on different material 
surface . The results showed that electrical stimulation can promote cells spreading 
and proliferation on the surface of the materials . Cells have larger spreading 
projection area . By BCA total protein and the activity of ALP detection, the results 
suggest that under the action of electrical stimulation,cells total protein content and a 
ALP ctivity is significantly higher than the control groups . We could draw the 
conclusions that electrical stimulation can promote MC3T3-E1 cells mature and cells 
show evidently osteogenetic activities with the combined action of electrical 
stimulation and micropatterned PPy . 
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合物本身不导电。通过 n 型掺杂或 p 型掺杂后，可移走电子生成空穴，或添加电
子，使电子或空穴在分子链上自由移动，从而能够使聚合物分子从绝缘态转变为
导体，形成导电高分子。通过改变聚合物的掺杂态，ICP 的导电率能够在 10-9 S/cm
到 105 S/cm 之间变化，涵盖了绝缘体-半导体-导体的范畴。 
经过掺杂的导电高分子不仅保持了聚合物良好的机械性能，还表现出类似金





























表 1-1 典型的导电聚合物 
Table 1-1 Typical conducting polymers 
 
1.2 PPy 及应用 
1.2.1 PPy 的结构与导电机理 
吡咯（py）是一种五元杂环分子，分子式为 C4H4NH。PPy 可以通过 py 单
体聚合得到。如图 1-1 所示。 
 
 
图 1-1 吡咯（a）及聚吡咯（b）的结构 
























等手段来实现。它最突出的特点是共轭链结构和共轭链的 p 型或 n 型掺杂特性。
p 型掺杂是指其主链失去电子的同时伴随着对阴离子的嵌入，n 型掺杂时指其主
链得到电子的同时伴随对阳离子的嵌入，对离子的嵌入使 PPy 整体呈现电中性。





























图 1-2 PPy 自由基聚合过程 

































电的任何基底材料上都能得到 Ppy 一类的导电聚合物[18]。 
（2）电化学氧化法。电化学聚合一般采用三电极体系，通过施加一定的电流/






及形貌可控，能够直接在电极得到膜厚可控的 PPy 膜。 
1.2.3 PPy 的应用 
PPy 是一种易于制备且经过掺杂后具有很好导电性（接近金属）的高分子，
并且当 PPy 在氧化/还原态之间转换时伴随有 PPy 颜色的变化。上述的性质使得
PPy 在超级电容器[19, 20]，新型电池[21, 22]，光电、微电子领域[23]拥有良好的应用前
景。此外，PPy 还具有良好的生物相容性，聚合后的 PPy 无毒，体内不降解，具
有较好的防腐性能，以及最近发现的 PPy 具有的良好的光热性能等。这些性质




利用 PPy 可以掺杂的特性，能够将多种细胞生长因子，粘附蛋白等掺杂到 PPy
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